This paper presents an attempt of a quantitative evaluation of deterioration, due to fouling, in the pclfonnancc of gas turbine units of different schemes (oneshaft, two-shaft and three-shaft) but with axial comprcsoors of the same type and dimensions. This paper also examines the in.
unit sensitivity to axial compreswr fouling. The evaluation of the gas turbine unit sensitivity to fouling is pclf ormed based on the small deviations method. The index of sensitivity to fouling (ISF) proposed in {Tarabrio et al, 1996) is used. It is proposed that not only the ISF characterizing the axial compres.sor sensitivity to fouling but also the scheme and the initial gas turbine unit parametc::n in.Ou.cnci.ng the gas turbine unit sensitivity to axial compressor fouling, should be taken into consideration. 
INDRODUCTION
The axial ~fouling greatly influences the gas turbine unit pclf onnancc. The atmospheric air ingested into a gas turbine unit is not absolutely pure. It always contains solid or liquid aO"Osols, moisture in liquid or vapour fonn, and sometimes harmful gaseous substances such as HiS, S02, nitrogen and cblorine compounds, etc. Their sources are soil dust, river-, sea-and atmospheric moimire, pollen and seeds, waste products generated by traffic and industrial enterprises, among them those of the electric power stations themselves, such as cwnbustioo/emission products, fog from water coolers, oil from bearings may also get into air ducts, etc. The characteristics of the sources of the compressor inlet air fouling are given in (Diakunchak, 1991 ) , (Olhovsky, 1985) , (Schurovsky and Levikin, 1986) , (Stalder and Costen, 1994) .
The fouled axial compressor has deteriorated aerodynamic qualities, which causes the decrease in the air mass flow through the axial compressor and in the axial compressor cftliciency, the surge margin also dccreascs. pressure ratio due to reduced gas mass flow through the turbine. This, all together, leads to decrease in the gas turbine unit output and to increase in the specific fuel consumption. The correlation between these variables for the General Electric gas turbine unit is shown on Fig.! , from which one can see that in case the axial compressor is fouled to a degree that the pressure ratio decreases by 5.5% (the vertical line on the fouling curves), the the gas turbine unit output decreases by 13 % and the specific fuel consumption increases by 6% (Hoeft, 1993) . As is shown on Fig. 4 , the axial compressor fouling increases during the first 1000 operation hours. The gas turbine unit output and efficiency losses decrease as the operation time increases, according to an exponential curve (Nicholson, 1990) , (Schurovsky and Levikin, 1986) , and they will tend to stabilize after 1000-2000 operation hours.
Both gas turbine unit operators and manufacturers believe axial compressor fouling to be a major factor influencing the overall plant performance deterioration. Typically, 70 to 85 % of plant performance deterioration are recoverable and attributable to axial compressor fouling (Hoeft, 1993) . The economic losses as a result of axial compressor fouling can amount to several hundred thousands of US dollars annually for one gas turbine unit (Dialcunchak, 1991) . In this connection, the correct selection of washing methods and intervals between washings nts an important factor for the gas turbine unit operators.
The existing papers on the subject of analysis of axial compressor fouling are offering criterias (Seddigh and Saravanamuttoo, 1990) , (Tarabrin et al, 1996) and mathematical models for fouling (Alcer and Saravanarnuttoo, 1988) , (Tarabrin et al, 1996) , characterizing the axial compressor sensitivity to fouling. These might be used to determine washing regimes as well as for comparing the gas turbine units sensitivity to fouling. But, while comparing the sensitivity of different gas turbine units to fouling, their schemes and initial parameters were not taken into consideration. As a result, the gas turbine units with different schemes (one-shaft, two-shaft, threeshaft) and with different initial parameters (turbine inlet temperature and compressor pressure ratio) were taken for comparison.
The paper (Tarabrin et al, 1996) suggested an index of axial compressor sensitivity to fouling. It was presented by the authors as follows:
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While comparing the axial compressors of different geometric dimensions and with different performances, a higher ISF value corresponds to a greater axial compressor sensitivity to fouling. If we keep geometric and aerodynamic similarity, the axial compressors of smaller dimensions are more sensitive to fouling than the larger axial compressors. The sensitivity of an axial compressor stage to fouling increases with the increase of its head. High-head stages operating at high circumferential speeds are more sensitive to fouling when compared with low-head and low air mass flow stages.
To assess appropriate compressor washing regime, it is proposed to evaluate the axial compressor sensitivity to fouling based on the use of the ISF and the mathematical model developed in (Tarabrin et al, 1996) , and then to determine the gas turbine unit sensitivity to axial compressor fouling. In the present paper, the evaluation of the gas turbine unit sensitivity to axial compressor fouling is performed following the method of small deviations (Cherkez, 1965) , which allows to determine quite easily the dependance of the gas turbine unit sensitivity to fouling versus the gas turbine unit scheme and its initial parameters.
This approach allows to evaluate the axial compressor sensitivity to fouling and the gas turbine unit sensitivity to axial compressor fouling separately, which, in its turn, allows to select more accurately appropriate washing regimes for different gas turbine units.
DISTRIBUTION OF DEPOSITS ALONG THE AXIAL COMPRESSOR FLOW PATH
As it was stated in (Tarabrin et al, 1996) , the blades of the first 5 to 6 stages of axial compressors are mainly subject to blade fouling due to deposits. The amount of deposits on the axial compressor blades becomes less as the air flows downstream. In May 1997, an investigation of compressor blade contamination was carried out at the Pervornayskaya gas piping compressor station of "Mostransgas", RAO "Gasprom", Russia, on plant unit No. II, a Nuovo Pignone MS5322 R(B) gas turbine engine. The unit operated for a long time without blade washing. The obtained data are shown on Fig. 2a and Fig. 2b . The inlet guide vane . (1GV) blades, as well as the rotor and stator blades of the fast stage have more deposits on the blade convex side. The deposited masses on blades of the other stages are approximately equal for the convex and concave sides. As shown on Fig. 2a and Fig. 2b , the deposited masses are decreasing from the first to the sixth stage. From the 7th stage on, the amount of deposits on blades is insignificant. The total number of stages in this compressor is 16.
The deposit amount is greater on the stator blades, than on the rotor blades. A certain cleaning effect on rotor blades is taking place due to the action of centrifugal forces on dirt particles.
The obtained new data support the mathematical model of the axial compressor fouling accepted in (Taratrrin et al, 1996) .
INFLUENCE OF THE GAS TURBINE UNIT SCHEME ON 'THE GAS TURBINE UNIT SENSITIVITY TO COMPRESSOR FOULING
This paper examines the gas turbine unit schemes that are most frequently used for energy production and for mechanical drive applications, see Fig. 3 . For the comparative evaluation, it is assumed that these gas turbine units have the same thermodynamical cycle parameters as to the turbine inlet temperature, the axial compressor pressure ratio, the air mass flow, as well as the index of sensitivity to fouling (ISF) of the axial compressor.
Not only the axial compressor efficiency changes, but also the changes in the pressure ratio -mass flow characteristics (if the rotation speed is constant) are important and should be taken into consideration.
The experimental data (Schurovsky and Lankin, 1986) and the calculation results (Tarabrin et al, 1996) show that the pressure ratio -mass flow curves g4(6,1=const) in the case of fouling are moving equidistantly in the vicinity of the lines of axial compressor and turbine joint regimes. Changes in G and it caused by deviation of the characteristic art(6, i=const) due to axial compressor fouling are approximately equal, which also corresponds well to the data given in (Hoeft, 1993) , see also where 60 =(0-G.)/0., For=Or-iroYno, -nominal. The relation between Sn, and SG is more complicated. If the fouling on all stages is uniform, then h. = 60; if the fast stages are fouled, then SG > Bic; if the last stages are fouled, then SG < Sac (Zaba, 1980) . Let us accept that SG > Einc, based on the assumption given in (Tarabrin et al, 1996) , that the first six axial compressor stages are fouled, which is supported by the experimental data obtained at the Pervomayslcaya gas piping compressor station (see Fig. 2a and Fig. 2b) .
The analysis of the experimental data (Schurovsky and Levikin 1986) has shown that we can accept the following relation between the decrease in the axial compressor efficiency due to fouling and the shift in its pressure ratiomass flow characteristics:
The evaluation of the influence of the axial compressor blades fouling on the different schemes (see Fig. 3 ) gas turbine unit with the same initial parameters is carried out using the small deviations method (Chericez, 1965) . This method is based on the use of linearized equation systems which determine the operating process in the axial compressor, combustor and turbine. The calculation results based on the small deviation method for the gas turbine unit schemes as shown on Fig. 3a, 3b , 3c are given in Table  I . In the calculation process it is accepted that the axial compressor efficiency decrease due to fouling corresponds to 1%. As it is seen from Table l and Fig. 5 , in the case of the constant total inlet turbine temperature (Ts=const), the axial compressor fouling influences more the gas turbine unit with free power turbine, and, particularly, with the two cascade axial compressor. If the initial parameters are the same, a 1 % decrease in axial compressor efficiency on a single-shaft gas turbine unit (see Fig. 3a ) causes a decrease in useful output of SNe by 2.82 %, and a decrease in 8Ne by 4.32 % for the three-shaft gas turbine unit scheme (see Fig.  3c ). This is due to the fact that the balance of outputs of the gas generator turbines and compressors is achieved with much greater changes in the air mass flow in comparison with the single-shaft gas turbine unit operating at a constant rotation speed (50=-2.16 % instead of SG =-1.25 vo.
The two-shaft scheme (see Fig. 3b ) occupies an intermediate position between the one-shaft and three-shaft gas turbine unit scheme by its output change. And the fact that the two-shaft scheme with the power turbine regulated nozzles (for example in GE units Frame3 and Frame5) contributes to a better stability of the gas turbine unit useful output in case of axial compressor fouling (Sit = -2.82%, Eme=-1A1%). In the latter case there are two controlling influences: the gas turbine unit regulation system and the power turbine nozzles position, which allows to maintain Ts=const, n=const, and to compensate gas turbine unit useful output losses caused by compressor fouling. The difference in the relative decrease of the gas turbine unit efficiency is less significant because of the fact that the gas turbine unit efficiency of the simple thermodynamic cycle mainly depends on the maximum gas turbine inlet temperature (Ts), the minimum axial compressor total inlet temperature (Ti) and the compressor pressure ratio It. 
INFLUENCE OF THE GAS TURBINE UNIT INMAL PARAMETERS ON THE GAS TURBINE UNIT SENSITIVITY TO AXIAL COMPRESSOR FOULING
The sensitivity of the gas turbine unit scheme to axial compressor fouling depends on the parameters T3 and 7t. In reality, if we use the small deviations method, it will be easy to show that:
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The useful output coefficient p= (1%11 -Nc)INe value can be presented in another form:
(Ts /TO lictit It follows from Eq. (3), (4), (5) that the useful output coefficient influences in a decisive manner the gas turbine unit output and significantly changes the gas turbine unit efficiency.
It can be seen from Eq. (3), (4), (5) that the gas turbine unit sensitivity to axial compressor fouling decreases with the growth of initial temperature T3, with n=const. The gas turbine unit sensitivity to axial compressor fouling increases with the increase of it, at Ts=const.
CONCLUSIONS
1. During operation, axial compressor fouling affects mainly the first 5 to 6 stages. The degree of fouling decreases from the first to the sixth stages. The deposits on the blades of futher downstream stages are insignificant. The mass deposits on convex and concave sides of the blade profiles are approximately equal. The amount of deposits is greater on the stator blades, than on the rotor blades.
2. If an axial compressor of the same type and dimensions is used in different gas turbine unit schemes (with the same ISF, the same it and the same Ts), the twoshaft scheme and three-shaft scheme gas turbine units are more sensitive to axial compressor fouling.
3. Coefficients of influence on the parameters of the gas turbine units with the same schemes depend mainly on the useful output coefficient, which, in its turn, depends on the initial gas turbine total inlet temperature T3 and the compressor pressure ratio n. With increasing initial temperature T3 (With n=const), the gas turbine unit sensitivity to axial compressor fouling decreases, and, on the contrary, with increasing it (at Ts=const) the gas turbine unit sensitivity to axial compressor fouling increases.
4.The result of this study shows that more efforts and resources have to be allocated for compressor air inlet filtration systems for smaller size engines as well as for multi-shafts gas turbines. The same applies for compressor washing regimes; small engines and multi-shaft engines will require more attention concerning the methods and frequencies of compressor cleaning. 
